Stagger tuning of accelerator cavities, or blocks of cavities, can significantly enhance the achievable charge transfer through an electron linac operating in the stored-energy mode. The output bremsstrahlung flux can be increased over a conventional approach by an order of magnitude without any significant degradation in emittance growth or energy spread. Given a suitable injector, a 1500-rad/pulse, 50-MeV radiographic linac appears to be practical at a 400-MHz operating frequency; a 150-rad/pulse, 50-MeV radiographic linac will operate at 1300 MHz. A multidimensional study was made using the PARMELA code where several parameters, including beam current, synchronous phase angle, and beam radius, were varied while observing the effects on emittance and transmission efficiency.
Introduction
High-resolution radiographic experiments require that the peak radiation flux be concentrated into a small region. This implies that the suitable electron beam source for the brehmsstrahlung radiation be focused to as small a cross-sectional area as possible on the brehmsstrahlung-producing target.
The brehmsstrahlung flux from a targeted electron beam linac is R = 1.1 x 10-3 K Ek Q(AU/U) W2.8 2af ZT cos4 (E max/E ) in rads/pulse on-axis at 1 m, where f is the linac operating frequency in MHz, Z is the accelerating structure shunt impedance in MO/m, Q is the dimensionless quality factor, T is the electron transittime factor, (E max/E0) is the ratio of maximum surface electric field to average axial electric field, 4 is the synchronous phase angle, W is the linac output electron kinetic energy in MeV, AU/U is the fraction of stored energy extracted, Ekp is the Kilpatrick's maximally allowed frequency-dependent surface electric field in MV/m, Ko is the bravery factor, in excess of Ekp. one is ready to assume.
One would like to select an accelerating structure that maximizes the ratio of stored energy to the energy extracted. Simultaneously, one woul'd like to operate at the highest frequency possible in the interest of size and cost. This study was done with a pillbox cavity in the TM02 mode because it optimized the relevant parameters, and this mode was sufficiently isolated, thus reducing the possibility of higher order modes being excited. The frequency f was chosen from the availability of "stock" klystrons with frequency and power combinations of 200 MHz (5 MW) and 400 MHz (20 MW).
Once frequency is determined, Ekp can be found from iteratively solving f = 1.643 Ekp exp The stagger-tuning principle rests on correcting the energy spread and emittance growth introduced by operating one or more consecutive accelerating cells at a nonzero reference angle (-4), by operating the next consecutive one or more cells at the opposite synchronous angle (+4)).
Several configurations of cell-groupings were tried; the most notable was [-4,+41 and [-4 ,+-,+4,-4).
Other groupings tried were [-4,-4, ,+1 and [..4),-),-),+4,4,+41. [-4,4,+4,-4) , the latter having a consistently lower emittance over the former. Because the minimum spot size xmax (E 1 f) /2 is a function of emittance and 1/B before the beam enters the focusing elements, this study has concentrated on attaining the lowest emittance after passing through the linac, which should give the smallest focused spot size on target and the least divergence.
MHz
A 1500-rad/pulse flux with a 50-MeV bremsstrahlung end-point energy requires 24 pC of 50-MeV electrons to be deposited on the target in the required time frame. If the desired pulse time is 100 ns, the corresponding beam current is 240 A.
The two groupings "x" and "xx", where the former is the grouping r-4,+4)1 and the latter is [4,-4,+4,+1, have an emittance minimum at 4 = 600 for R = 2 cm ( Fig. 1) and both have 100% transmission.
Series "xx" has a 20% better emittance than "x" in the region of interest. For R = 1 cm, transmission drops below 90% for I > 200 A and < 400. For R = 3 cm, a severe rise in emittance occurs for 4 > 500. Transmission for R = 3 cm and 4 = 500 is 100%.
Concerning the emittance as a function of initial beam radius, R = 1 cm has the lowest emittance for 0 < I < 40 A, R = 2 is better for 40 < I < 190 A, and R = 3 cm has a lower value in the 190 < I < 300 A region (Fig. 2) . Again the same two groupings are discussed. At this frequency the most important factor is the transmission rate that is appreciably depleted for increasing current. For R = 0.25 cm, transmission is >90% only for I < 5 A. At R = 0.5 cm, the transmission is at the tolerable level for I < 30 A (Fig. 3) . Finally for R 1 cm, transmission is >90% for I < 60 A and > 50° (Fig. 4) . Figure 5 shows emittance as a function of I for each R. The grouping [Xp, 9] ~p has a 2-5% better transmission. However, [X,-X,4+¢,+4i1 has a 20% lower emittance.
SER I ES XX
A plausible explanation for the phenomenon of why the synchronous angle pattern [4, ,+, has a consistently lower emittance over that of [-4,+41 for the same number of cells suggests that, for the latter, the leading particles experience the extreme nonlinear energy displacement from the reference-particle energy every other cell; whereas, in the former, the leading particles are only subject to extreme conditions every fourth cell, and alternately, the trailing particles now also experience these conditions in the intervening period.
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